Netherlands.
Introduction 33
Anthocyanins (ACY) are plant pigments with colours that range from scarlet to blue (Wallace & 34 Giusti, 2015). In solution, ACY are a mixture of the coloured (i.e. the flavylium cation and 35 quinoidal base) and colourless forms (i.e. the carbinol pseudobase and the chalcone) (Brouillard, 36 1982). The proportion of flavylium cation, quinoidal base, carbinol pseudobase and chalcone at 37 equilibrium in an ACY solution are a function of ACY structures and processing conditions (viz.
38
pH, light exposure and temperature) (Mazza & Brouillard, 1987) . In general, an increasing pH 39 leads to (a) an increasing hydration of the flavylium cation into carbinol pseudobase and (b) 40 increasing tautomerisation of carbinol pseudobase into chalcone (Brouillard, 1982) . Consequently,
41
the proportion of chalcone would be higher than that of the flavylium cation for pH values above 42 3 (Brouillard, 1982 ). However, the pH limit for a dominant proportion of chalcone is higher for
43
ACY with a methoxylation or a glycosylation (Brouillard, 1982) . In addition, a high temperature 44 during processing or storage increases the rate of endothermic reactions (e.g. hydration of the 45 flavylium cation and tautomerisation of the carbinol pseudobase) (Brouillard, 1982) . Furthermore,
46
light exposition of ACY leads to photodegradation of flavylium cations into colourless forms (i.e.
47
the carbinol pseudobase and chalcone) (Dyrby, Westergaard, & Stapelfeldt, 2001 ).
48
The 3-deoxyanthocyanidins are a particular class of ACY because the deprotonation constant of improves in the presence of phenolic acids (Awika, 2008 
106
Wavelengths of 470 and 700 nm were used for apigeninidin and haze correction, respectively. The (Extrasynthese, Genay, France).
113
The TCD was determined according to Turfan, Türkyılmaz, Yemiş, and Özkan (2011).
114
Wavelengths of 420, 470 and 700 nm were used for brown pigments, apigeninidin and haze 115 correction, respectively.
116
The TCD was calculated using Equation (2):
where DF: dilution factor.
7
The apigeninidin content and the TCD were measured using a Spectrophotometer (SmartSpec Plus 119 spectrophotometer, Bio Rad, USA). 
142
The molar absorptivity of apigeninidin was calculated using Equation ( Four independent replicates of SAWE were prepared. The pH was adjusted to 6.08±0.02 and 151 9.03±0.04 as described above, after which 6 mL samples were transferred to glass tubes and stored 152 at 4 °C overnight (16 hours). Next, the kinetic degradation of the extracts was performed at 65 °C 153 using a block heater (Labtherm Liebisch, Bielefeld, Germany). Two tubes of SAWE at pH 154 6.08±0.02 and 9.03±0.04 were withdrawn at time intervals from 0 to 60 min to measure the 155 apigeninidin content and the TCD as described above. In addition the polymeric colour (PC) and 156 the % PC were determined on the watery extracts treated with bisulphite, see Equations (4) and implies that dye sorghum can be applied to foods and non-food products commonly exposed to 
Effect of pH adjustment

237
The apigeninidin content of dye extracts was constant at pH 6-10 (Fig. 3) decreased by 44.1% and 81.4%, respectively, compared with the extract at pH 6.08±0.02 (Fig. 3) .
259
According to literature, apigeninidin could be converted into phenolic acids at alkaline pH (Yang 1.7 fold, respectively. Nevertheless, only 3.9 and 0.53% of the degraded apigeninidin were 264 converted in 4-hydroxybenzoic acid and p-coumaric acid, respectively. This suggests that other 265 phenolic acids might have been formed too.
266
The stability of apigeninidin and colour to heat treatment in a semisolid food matrix (i.e. a maize 267 porridge) at different pH is reported in Table 2 . The apigeninidin content of the porridge did not 268 differ at pH 4-6 (p=0.2), whereas it was higher at pH 9.03±0.04. Furthermore, the colour of the 269 porridge was comparable at pH 4-6 whereas hue (h°) and lightness (L*) were smaller at pH 270 9.03±0.04. In other words, the porridge looked more red at pH 9.03±0.04 than at pH 4-6.
271
Consequently, the increased redness of the porridge and the higher concentration of apigeninidin degradation is lower at pH 9.03±0.04 than at pH 6.08±0.02. apigeninidin at pH 9.03±0.04 compared to pH 6.08±0.02 suggest (i) a higher colour intensity and
295
(ii) a better resistance to bleaching, respectively. The higher colour density of the SAWE is used 296 by processors to efficiently colour the surface of wagashi, a soft cheese of West Africa, at room 297 temperature. During the heat treatment, the TCD was stable at pH 6.08±0.02 whereas it decreased 298 at pH 9.03±0.04. In addition, the PC and the %PC of the extracts (at pH 6.08 and 9.03) increased 299 during heating. Therefore, heat treatment (i) affected the density of the colour at pH 9.03±0.04 and
300
(ii) increased the amount of compounds resistant to bleaching at pH 6.08±0.02 and 9.03±0.04. The severe heat treatments should be applied in the pH range 7-9 to minimise loss of apigeninidin. The
316
SAWE was more resistant to nucleophilic attack due to blanching.
318
Conclusion
319
Watery extracts from dye sorghum leaf sheaths demonstrated good stability (i) to processing 320 conditions, including severe heat treatments, (ii) at pH 6-10 and (iii) to light exposure. Storage 321 temperature affects stability; refrigerated conditions are to be preferred. Furthermore, the quinoidal 322 base of apigeninidin (at pH 9) had a higher colour intensity and a better resistance to heat treatment.
323
The loss of the net charge caused loss of solubility, leading to apigeninidin precipitation.
324
Controlled acidification of alkaline extracts can be used to precipitate apigeninidin from watery 9.03 (▲) and the fitted data with using the Weibull model. 
